
The Third Stage of Single Molecule
Electronics: Advances in Atom and Single
When it comes to the world of electronics, there have been significant
advancements over the years. From the invention of transistors to the
development of microchips, these breakthroughs have paved the way for smaller,
faster, and more efficient devices. One area that has gained considerable
attention is single molecule electronics, which explores the potential of using
individual molecules as electronic components. In this article, we will delve into
the third stage of single molecule electronics and explore the latest advances in
atom and single technologies.

The Journey So Far: From Theory to Practice

Single molecule electronics began as a theoretical concept, proposed by Aviram
and Ratner back in 1974. They envisioned the idea of using individual molecules
as fundamental building blocks for electronic devices. However, it wasn't until the
late 1990s that experimental studies started to provide evidence of the feasibility
of single molecule electronics.

The first stage of single molecule electronics focused on characterizing the
electrical properties of individual molecules. Researchers wanted to understand
how molecules could conduct electricity and how their properties compared to
traditional electronic materials. This stage involved techniques such as scanning
tunneling microscopy and break junctions to manipulate and measure single
molecules. It was a crucial step in establishing the foundation of this field.
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The second stage brought significant progress in the fabrication of functional
molecular devices. Scientists successfully demonstrated various electronic
components, such as diodes, transistors, and switches, based on single
molecules. These devices showcased the potential of single molecule electronics
and opened the door for further exploration.

Entering the Third Stage: Advances in Atom and Single

The third stage of single molecule electronics marks a new era of research and
development. Scientists are now focusing on manipulating individual atoms within
molecules to tailor their electronic properties. This level of precision allows for
unprecedented control over the behavior of single molecule devices.

Advances in atom and single technologies have enabled researchers to not only
observe the electrical behavior of single molecules but also manipulate them to
achieve desired functionalities. One of the key techniques used in this stage is
scanning probe microscopy, which allows scientists to image and manipulate
individual atoms on surfaces.
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This level of precision opens up exciting possibilities for creating novel electronic
components and systems. By carefully arranging atoms within molecules,
scientists can design and control the flow of electrons, leading to enhanced
performance and unique properties.

Applications and Potential Impact

The advancements made in the third stage of single molecule electronics hold
tremendous potential for various applications. Here are some areas where these
technologies could make a significant impact:

1. Miniaturization of Electronic Devices

By utilizing single molecules as building blocks, electronic devices can be made
smaller and more compact. This miniaturization can lead to advancements in
fields such as portable electronics, wearable devices, and implantable medical
devices. Imagine devices that are almost invisible but still pack substantial
computing power!

2. Quantum Computing

The precise control over individual atoms and molecules opens up possibilities for
quantum computing. Quantum computers have the potential to outperform
traditional computers in specific tasks, such as cryptography and optimization
problems. Single molecule electronics could provide a path to fabricating
quantum devices on a scale not possible with current technologies.

3. Energy Harvesting and Storage

Single molecule devices with tailored properties could revolutionize energy
harvesting and storage technologies. These devices could maximize energy
conversion efficiency, leading to more sustainable and efficient energy solutions.
From solar cells to batteries, the possibilities are vast.



The third stage of single molecule electronics brings us closer to the realization of
futuristic technologies. With advancements in atom and single technologies,
scientists are now able to manipulate individual atoms within molecules, paving
the way for novel electronic components and systems. The potential impact of
these advancements is significant, from miniaturizing electronic devices to
enabling quantum computing and revolutionizing energy harvesting and storage.
The future of single molecule electronics is exciting, and we can't wait to see
what further breakthroughs lie ahead.
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This book draws on the main themes covered during the International Workshop
on Molecular Architectonics which took place in Shiretoko, Japan from August 3
to 6, 2015. The concepts and results explored in this book relate to the term
“molecular architectonics” which stands for electronic, optical and information-
processing functions being orchestrated by molecular assemblies. This area is
defined as the third stage of single-molecule electronics and builds on stage one,
where measurements were performed on single-molecule layered films, and
stage two, the resulting quantitative analyses. In this work, experts come together
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to write about the most important aspects of molecular architectonics. This
interdisciplinary, visionary and unique book is of interest to scientists working on
electronic materials, surface science and information processing sciences using
noise and fluctuation.
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